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Introduction

To assess interactions between epithelial (EP) and myoepithelial (ME) cells in association with breast
tumor progression and invasion, a double immunostaining technique with antibodies to smooth muscle
actin (SMA) and estrogen receptor (ER) was used to elucidate both the ME and EP cells in mammary
tissues harboring ductal carcinoma in situ. ~ Single or clusters of EP cells with a marked diminution or
a total loss of ER expression were found immediately overlying focally disrupted ME cell layers, in
contrast to the dominant population of ER (+) cells within the same duct that showed no associated ME
cell layer disruptions. This study attempted to confirm our previous findings on a larger number of
cases, and to compare the immunohistochemical and molecular biological profiles of the ER (-) cells
overlying disrupted ME cell layers with those of adjacent ER (+) cells and surrounding stromal (ST)
cells. Since ME cell layers are physical barriers protecting the microenvironment and integrity of EP
cells, and the disruption of ME cell layers is an absolute pre-requisite for breast tumor invasion, the
outcomes of this project could have significant values in early detection of breast tumor progression
and/or invasion.

Body

a: Statement of work

A total of 7 tasks were listed in the Statement of Work of the original proposal:

Task 1. To repeat our previous studies and to identify epithelial (EP) cells overlying disrupted
myoepithelial (ME) cell layers (months 1-6)

Completed: The outcomes had been published (please see attached “References-publications: # 4,5

(papers), and #1-8 (abstracts).

Task 2. To compare the biological behavior of cells overlying a disrupted ME cell layer with that of
adjacent cells within the same duct (months 6-9)

Completed: The outcomes had been published (please see attached “References-publications: # 9,10,

12 (papers), and #1-8 (abstracts).

Task 3. To microdissect phenotypically different EP cells and the surrounding ME and stromal (ST)
cells for molecular biological analyses (months 9-12)

Completed: The outcomes had been published (please see attached “References-publications: # 4,5
(papers), and #9-16 (abstracts).

Task 4. To compare the frequency and pattern of loss of heterozygosity (LOH), and clonality among
EP, ME, and ST cells (months 12-20)

Completed: The outcomes had been published (please see attached “References-publications: # 6-10

(papers), and #16-27 (abstracts).

Task 5. To assess the gene expression pattern in cells from frozen section sections with cDNA
expression array technique, and to generate probes based on sequences exclusively or mainly
expressed in cells overlying disrupted ME cell layers (months 20-24)

Completed: The outcomes had been published (please see attached “References-publications: # 14-19

(papers), and #28-50 (abstracts).
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Task 6. To apply the probes to both paraffin and frozen sections, to identify the gene expressing cells
and their morphologic features (months 24-32)
Completed: The laboratory procedures have been completed and the outcomes are in the process of
summarization for publication (please see attached “References-Scientific papers near completion or in
preparation, #1-24).

Task 7. To correlate the laboratory findings with that of clinical following-up data (months 32-36).
Completed: The laboratory procedures have been completed and the outcomes are in the process of
summarization for publication (please see attached “References-Scientific papers near completion or in
preparation, #1-24).

b: Experimental procedures:

Consecutive sections were made from formalin-fixed, paraffin-embedded breast tissues from over 400
patients with various grades of ductal carcinoma in situ (DCIS), and double imunostained for ER and
SMA. Ciross sections of all ducts lined by > 40 EP cells were examined for a focal ME cell layer
disruption, defined as an absence of ME cells, resulting in a gap equal to or greater than the combined
size of 3 EP or ME cells. A focal loss of ER expression was defined as marked diminution or a total
loss of ER staining in cells immediately overlying a disrupted ME cell layer, in contrast to strong ER
expression ip adjacent cells within the same duct.

After immunostaining for ER and SMA, cells overlying disrupted ME cell layers, adjacent ER (+) cells
within the same duct, adjacent stromal (ST) cells, and other controls were microdissected for DNA
extraction and assessment for loss of heterozygosity (LOH) and microsatelite instability (MI), using
PCR amplification with a panel of DNA markers at 6 chromosomes. The frequency and pattern of
LOH and MI among samples were compared.

Consecutive sections were also prepared from frozen breast tissues of patients with DCIS and invasive
ductal carcinomas (IDC), and were double immunostained for ER and SMA. Immunostained sections
were examined for ER expression and focal ME cell layer disruptions. ER (-) cells overlying
disrupted ME layers and adjacent (+) cells within the same duct in DCIS, along with morphologically
and immunohistochemically similar cells in IDC, were microdissected for RNA extraction, using the
RNA extraction kits from Arcturus Engineering, Inc (Mountain View, CA). The RNA extracts were
subjected to RT PCR amplification. The gene expression profiles among samples were compared,

using the software and reagents from Affymetrix, Inc (Santa Clara, CA) and SuperArray Bioscience
Corporation (Frederick, MD).

A total of 7 biotin-labeled probes and detection kits from our collaborators, DAKO Corporation
(Carpinteria, CA), and Sigma (St. Louis, MO) had been used in both paraffin-embedded and frozen
sections from selected cases. The experimental procedures had been completed and several

manuscripts are in preparation to report the results (see “References”-Scientific papers near completion
of in preparation). ’ '

The clinical follow-up data from 50 cases with focally disrupted ME cell layers had been compared to
those from 50 cases without ME cell layer disruptions, and several manuscripts are in preparation to
report the results (see “References”-Scientific papers near completion of in preparation).
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All above experimental procedures were carried out according to the methods described in the proposal

without any major modifications. Also, all the laboratory efforts have been strictly adhered to
address the issues listed in “Statement of Work”.

Key research accomplishments

All the laboratory procedures for Tasks 1 to 7 had been completed, and the outcomes have been either
published or in the process of preparation for publication (see below).

The outcomes of this project have generated 74 published or accepted research papers (n=21), abstracts
(n=50), and figures (n=3), as well as 24 submitted (n=5), to be submitted within a month (n=2), and
partially completed (n=17) research papers.

Based on his own and other findings, this PI has proposed a new hypothesis for breast and prostate
tumor invasion. The hypothesis and supportive data have been recently published in several peer-
reviewed journals, including Breast Cancer Research, Breast Cancer Research and Treatment,
Experimental Cell Research, Cancer Detection and Prevention, and Applied Molecular Morphology &
Immunohistochemistry (see attached “References”: Scientific papers published, accepted, and
submitted #5, 10, 12-14).

Several molecules exclusively or mainly expressed in ER negative cell clusters overlying focally
disrupted ME cell layers have been identified and characterized, and is in the process for potential
development of early detection or therapeutic agents.

Reportable outcomes

A total of 98 research papers (n=45), abstracts (n=50), and figures (n=3) are expected to be generated
by this projects (see the “References” below).

Conclusions

1. Tasks 1-7 listed in the proposal have been completed.

2. A total of 98 publications are expected to be generated by this project.

3. The outcomes are in a total agreement with the original hypotheses in the proposal.

4. Several new molecules associated with tumor progression or invasion have been identified.
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tumor progression and invasion
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